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Identifying lakebed nature: is it feasible with a combination of echosounder and Sonar5-pro? Usual techniques implemented to determine the nature of underwater substrata, i.e. bottom grab sampling or direct visualization with video cameras, are difficult to manage in some areas like deep water areas. Moreover, their low spatial resolutions are a major problem. In the 1980s, more reliable acoustic techniques using echo sounders were established based on Orlowski's work [1] . The first system which specialized in acoustic seabed classification was the 'RoxAnn' system (www.sonavision.co.uk), followed by the 'QTC View' (www.questertangent.com) system a few years later. Both of these devices are coupled with a single beam echo sounder and analyze the returned signal. For that, two different approaches have been developed: 'RoxAnn' analyzes the energies of a part of the first echo returned by the bottom and the entire second one, while 'QTC View' extracts shape parameters from the first echo. Sonar5-pro software [2] , used by a lot of researchers, analyzes acoustic signals for biomass estimation, size of structures, behavior of lake fish populations [3À5] and has recently added a new module (seabed classification, Sonar5-pro, ver 5.9.8) to classify underwater substrata, derived from Orlowski's [1] work on first and second echoes. For each pulse delivered by the echo sounder, the 'seabed classification' module returns four energies related to the first and second echoes. Indeed, both echoes are split in two parts: the first one begins when an echo is detected and is one pulse length long and the second part begins at the end of the first part and is three pulse lengths long [1] . The energy of the tail of the first echo (called DecaySv1 by Sonar5-pro and E1 by RoxAnn) is directly delivered by Sonar5-pro and the entire energy of the second echo (called E2 by RoxAnn) is assessed combining its two energies (AttackSv2 and DecaySv2 in Sonar5-pro). These two parameters characterize the substrate: E1 gives information about the roughness and E2 about the hardness of the surface of the bottom [1, 6] . To classify substrata the general method consists of building a reference database of clusters using E1/E2 coordinates [7] , where each of these clusters defines a lakebed type validated in situ by direct observations or grab analyses (ground truth). All of the [E1, E2] data belonging to the same type of lakebed are grouped together and the extremities used to define the clusters' limits. When the database is complete, each of the [E1, E2] couples from unknown substrata are plotted against the cluster limits of the database to determine their nature. To determine the quality of the data which could be available for the lake research and management community, it is important to test the application of this module.
From March to June 2010, eight surveys on different lakes and substrata were carried out to create a substrate reference database using a Simrad EK 60 echosounder, delivering acoustic pulses of 70 kHz. Five different powers (120, 200, 320, 400, and 800 W) and four pulse lengths (0.128, 0.256, 0.512, and 1.024 ms), those most commonly used in fisheries acoustics [8] , were tested to determine the best performing parameters. According to this analysis, an output power of 400 W and a pulse length of 0.512 ms were selected to work with our 70 kHz acoustic wave. The power determination was a compromise to make the system efficient from 5 m to more than 140 m deep, indeed in the shallow areas a saturation phenomenon occurs. At 800 W and for all the pulse lengths, between 0 and 7 m deep Sonar5-pro is not able to deliver E1 and E2 because of the excessive amount of energy returned by the bottom but at 400 W the saturation threshold is only at 5 m. The 0.512-ms pulse length was chosen due to its lower variability on the couple [E1, E2]. To determine the variability for each given pulse length, a statistical study was done using the average Euclidean distances of a series of points as a variability indicator. The four pulse lengths were tested on nine different sites (four series of 350 pings on each site) and in 66% of cases 0.512 ms is the less variable pulse length.
All of the data were recorded using these parameters, 400 W and 0.512 ms, on two natural French lakes (Leman, Bourget) and one reservoir (Bimont, France) in moored positions, using an Ekman grab sampler and a video camera for in situ validation. Four classes of lakebed were determined with 25 samples at different depths, using Time (Figure 1 ). This classification is coarse but covers the whole range of the main substrata found in lakes [9] ; all classes are well defined, except in a few cases where it is impossible to tell the difference between sand and sand & stones or between mud and blocks, as happens with commercial devices (RoxAnn or QTC View) [10] .
This calibration procedure was done from a stationary vessel whereas lakebed determinations of unknown areas have to be done with a moving vessel. Therefore, acquisitions in fixed position and acquisitions made with a four knots speed, common practice in fish surveys, were compared. For this step, moving acquisitions were done using the optimum pulse parameters (400 W, 0.512 ms). On the path tracing by the moving vessel, seven fixed acquisitions were carried out using the same parameters. The results
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obtained at exactly the same position for both moving and fixed, thanks to a GPS, were compared and were similar: they are superimposed in the E1/E2 space. We highlight here the possible use of the reference database in moving surveys, confirming previous results [10] . This system, able to classify four types of lakebeds, was then applied on a 3-km 2 area known to be an arctic charr (Salvelinus alpinus) spawning site [11] in lake Leman. The system was coupled to a GPS and each sample, i.e. each substrate acoustic response, was recorded with its position and after comparison with the reference database, a substrate nature is given to each georeferenced sample. Then, the results can be expressed as a percentage of the number of samples belonging to each class found compared to the total number of acquisitions: mud (53%), blocks (39%), unknown (9%). A map of the nature of the lakebed in this area (Figure 2 ) was made using Surfer software based on the 'nearest neighbor interpolation'. This map gives an illustration of the distribution of the different substrata types, which some of them are typical of the spawning site of arctic charr. The interest of such a representation is the ability to compare maps over time, in one place, in order to analyze the evolution of the importance of mud versus blocks. It can also be used as a tool to follow the quality of fish habitats, and in the case of restoration of such areas, to survey the effected change over time.
This work using the capacity of acoustics to determine lakebed nature confirms that Sonar5-pro can be a useful low cost tool to classify lakes' substrata. Evolution of fish spawning areas, in time and space, could be monitored, particularly on restored sites, as was shown here for arctic charr spawning areas in Geneva lake [11] . Substrate is a morphological descriptor of a lake which can be linked to other biological communities. It can explain, for example, benthic macrofauna distribution [12] . More generally, it is also related to the water quality of aquatic systems. Consequently, this assessment is particularly relevant from a lake management perspective. Further studies will be undertaken to add other substrata natures to our reference database and then to improve the resolution of discrimination. 
